volutionary psychology seeks to explain human psychological constructs, such as memory, language, emotion, and perception, by tracing history and identifying the traits that served as beneficial adaptations for survival (Buss, 2005) . The ability to rapidly detect and respond to a potential threat is one important survival mechanism. Fear typically signals danger and evokes awareness of a potential threat or hazardous situation (Buss, 2005) .
A complex network of neural structures in the brain linked to the autonomic nervous system controls the rapid perception of potential danger and the detection of threat-relevant stimuli (Armony & LeDoux, 1999) . One theoretical view proposed that, among these neural structures, the amygdala acts as a rapid response fear module by enabling both the perception of fear in others and the awareness of fear within the individual (Öhman & Mineka, 2001) . Some theorize that the fear module has been shaped by evolutionary history such that evolutionary-relevant, threatening stimuli receive preferential access to this system with little computational processing (Armony & LeDoux, 1999) .
A number of studies provide evidence for the rapid detection of fear-relevant stimuli using visual search tasks. One study presented human participants with 3 x 3 matrices containing stimuli from both fear-relevant (snakes and spiders) and fear-irrelevant (flowers and mushrooms) categories (Öhman, Flykt, & Esteves, 2001) . During each trial, participants were instructed to find the discrepant stimulus (e.g., one snake stimulus out of eight flower and mushroom stimuli) as quickly as possible. Participants detected the presence of fear-relevant stimuli among fear-irrelevant distractors significantly faster than detecting the presence of fear-irrelevant stimuli among fearrelevant distractors.
A number of recent studies also using visual search tasks offer further support for the rapid detection of fear-relevant stimuli. LoBue and DeLoache (2008) expanded upon the findings of Öhman et al. (2001) by investigating the response latencies to fearful stimuli in children. Children, ABSTRACT. Signal detection theory was applied to investigate the role of bias in snake perception. In Experiment 1 (N = 16), participants viewed flashing images of snakes and salamanders and were instructed to identify which image appeared. Experiment 2 (N = 16) used a similar design but also included blurred stimuli (noisy stimuli condition) in order to generate greater noise. We hypothesized that individuals would exhibit a response bias (i.e., where false alarms exceed misses) toward snakes and that this effect would increase in Experiment 2 due to greater uncertainty in the noise condition. In Experiment 1, participants recorded significantly more false alarms than misses (p = .002, d = 0.97). In Experiment 2, participants also recorded significantly more false alarms than misses (p = .001), with a larger effect for noisy stimuli (p < .001, d = 1.16) than for standard stimuli (p = .002, d = 0.97). These results provide the first evidence of a response bias toward fear-relevant stimuli in a nonclinical population.
ages 3-to 5-years-old, as well as adults, detected snake targets significantly faster than nonsnake targets (flowers, frogs, and caterpillars). Moreover, infants (8-to 14-month-olds) have been shown to direct their attention to fear-relevant stimuli faster than fear-irrelevant stimuli (LoBue & DeLoache, 2010) . Although people of all ages have been shown to rapidly detect fear-relevant stimuli faster than fear-irrelevant stimuli, it remains unclear what process underlies this rapid detection. LoBue and DeLoache (2011) explored the explanatory mechanism by showing how a snake's coiled shape is responsible for participants' rapid detection as opposed to other visual features. However, a number of other explanations have yet to be investigated.
There are at least two competing hypotheses that could explain why participants exhibit a rapid detection of fear-relevant stimuli in visual search paradigms. One suggests that it is caused by a perceptual sensitivity, which could explain why participants are able to distinguish, for example, snake-like features from surroundings faster than flower-like features. The other proposes that it is induced by a bias to say one has seen a snake rather than a flower. One could detect a discrepant snake target faster than a flower target simply because he/she is biased to respond quickly when there is potential for a snake to be present. In addition, it seems likely that under conditions of uncertainty, the bias to respond in favor of the threatening stimulus would be advantageous. Due to the visual search paradigm's reliance on response time, it has not been possible to disentangle sensitivity from response bias explanatory mechanisms.
Signal Detection Theory (SDT; Macmillan & Creelman, 2005) offers a theoretical and computational framework that may help determine whether discrimination ability (i.e., perceptual sensitivity), response bias, or both underlie individuals' rapid detection of fearful stimuli. According to SDT, the task of detecting a stimulus involves two separate processes: discriminating the signal/target stimulus from other stimuli (sensitivity) and preference for responding "yes" or "no" when deciding if a hardly discernible stimulus was present (response criterion). An individual with a liberal response criterion will respond "yes," or signal present, when in doubt, and an individual with a conservative response criterion will yield many "no," or signal absent, responses. Sensitivity and response criterion are independent processes (Macmillan & Creelman, 2005 ). An individual with a liberal response criterion could have an increased number of "yes" responses, but this will not affect his/her overall number of correct responses (sensitivity). Unlike the visual search paradigm, SDT relies on a type of accuracy and inaccuracy, including hits (saying "yes" when the signal is present) and false alarms (saying "yes" when a signal is absent) to assess sensitivity and response bias. Becker and Rinck's (2004) study highlighted the utility of the SDT framework. They found that individuals fearful of spiders were not able to detect spider stimuli any faster than nonfearful individuals, but they applied a more liberal criterion during detection compared to nonfearful individuals. These results suggest that spider fearful individuals (spider phobics) exhibit a response bias rather than an enhanced detection of threats. However, it remains unknown whether a similar pattern would emerge in a nonclinical population.
Present Study
The purpose of the present study was to examine sensitivity and response bias for evolutionary fear-relevant stimuli. During the experiment, participants were exposed to images of snakes and salamanders that represented fear-relevant and fear-irrelevant stimuli, respectively. The images flashed quickly on a computer screen in order to assess participants' immediate reactions to the images. The participants were instructed to identify each image as a snake or a salamander. SDT was used to measure the level of response bias. False alarms were counted when a participant thought a salamander appeared when a snake was presented instead. Misses were counted when a participant thought a salamander appeared when a snake was presented. According to Macmillan and Creelman (2005) , a response bias is evident when the proportion of false alarms is greater than the proportion of misses.
Two experiments were conducted. For Experiment 1, which used the paradigm above, we hypothesized that individuals would show a response bias toward fear-relevant stimuli (snakes). Experiment 2 incorporated noisy stimuli and standard stimuli where noisy stimuli were meant to represent high environmental noise, like tall grass, and standard stimuli were the same unaltered images used in Experiment 1 (see Figure 1) . For Experiment 2, we hypothesized that there would be greater response bias with noisy stimuli than standard stimuli due to higher uncertainty.
Experiment 1 Method
Participants. Sixteen undergraduates (age range = 18-22, demographics of university = 49% women, 83% White) volunteered for this experiment 1 . Some participants may have received extra credit for an introductory psychology class. They were recruited from a sign-up sheet posted in the university's science building, and all participants gave informed consent before beginning the IRB approved experiment.
Apparatus and stimuli. Participants were individually tested in a private computer lab. The experiment was conducted on a Dell PC running E-prime software. All experiments trials, responses, and task-specific experimental instructions were presented using a computer, and all of the responses were recorded via a USB keyboard.
The stimuli presented were images downloaded from various Internet websites. For the practice trials, two categories of images were collected (cats and dogs), and each category contained two different images. For the experimental trials, two categories of images were collected (snakes and salamanders), and each category contained 13 images. All of the images were changed to grayscale to reduce the possibility of color variations affecting visual search delays, and they were equated for luminance. When presented, all of the images were positioned in the center of the screen, and the size of each image was between 700 to 850 pixels wide and 400 to 600 pixels tall (screen resolution = 1280 x 1024, refresh rate = 60 Hz). No obvious distortion was evident after adjusting image size. The 13 images were classified as standard stimuli and an identical set of 13 images were classified as noisy stimuli; noisy stimuli were manipulated using the blurring tool of Adobe ® Photoshop ® (see Figure 1 ). Procedure. Participants began with eight practice trials containing neutral stimuli (dogs and cats). Each trial began with a fixation cross presented at the center of the computer screen for 1000 ms followed immediately by the stimulus, which flashed quickly for 20 ms. A mask subsequently followed the stimulus and remained on the screen for 300 ms. The words "Please Respond" then appeared on the screen until the participants responded. If the participants did not respond within 5000 ms, the next trial began and no data were recorded for that trial. Participants were instructed to respond by either pressing the "Z" or the "M" key to identify either a fear-relevant stimulus (snake) or a fear-irrelevant stimulus (salamander), and the key assignments were counterbalanced across all participants. Participants were exposed to one block of 52 trials (i.e., 26 stimuli repeated twice) using only standard stimuli. The noisy stimuli were included in the second experiment along with the standard stimuli. Critically, snakes and salamanders were presented with equal frequencies, so that the stimulus ratio would not induce a response bias. Thus, the participants instead caused any response bias observed.
Data analysis. For the SDT paradigm, a false alarm occurred if a participant chose a snake when a salamander image was presented, and a miss occurred if a participant chose a salamander when a snake image was presented. A response bias toward snakes (i.e., a liberal criterion) is present if the proportion of false alarms exceeds the proportion of misses (Macmillan & Creelman, 2005) . Based on the definition of SDT, response bias is independent of perceptual sensitivity. Hits and correct rejections were not included in the analysis.
Results and Discussion
A paired-samples t test was performed to test the hypothesis that the proportion of false alarms would exceed the proportion of misses, thereby indicating a response bias toward snakes. An outlier was identified and removed according to the Grubb's (1969) test for outliers with an alpha level of 0.01 2 . This method of outlier detection is commonly used with normally distributed populations, which was expected for the proportions in this study, and has been shown to be statistically valid (Beckman & Cook, 1983) . The t test revealed that the proportion of false alarms (M = .259, SD = .157) were significantly greater than the proportion of misses (M = .069, SD = .060), t(14) = 3.76, p = .002, d = 0.97.
The results supported the hypothesis that a response bias exists for the fear-relevant stimuli. Specifically, it was evident that participants were biased to respond "snake" more than "salamander" independently of their ability to discriminate between the two stimuli. This finding expanded upon Becker and Rinck's (2004) study in two ways: It found a response bias toward snakes, not just spiders, and it also found a bias within a nonclinical population, not just individuals meeting clinical 1 Individual demographic information was not collected.
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Outlier exclusion did not noticeably change the results. criteria for phobias. Although the first experiment provides evidence of response bias for fearful stimuli, Experiment 2 replicated and expanded these findings by directly manipulating conditions under which response bias should increase.
Experiment 2 Method
A new sample of Washington and Lee University students (N = 16) volunteered for Experiment 2. The design was identical to Experiment 1, except noisy stimuli were added. Experiment 2 contained two blocks of 52 trials, one using standard stimuli from Experiment 1 and the other using noisy stimuli (see Figure 1) . The blocks were counterbalanced across all participants, so participants were exposed to all standard stimuli either before or after all of the noisy stimuli. The additional block likely did not affect subject fatigue as each block lasted about two to three minutes (entire session lasted about 10-15 minutes).
Results and Discussion
A 2 (animal) x 2 (noise level) within-subjects ANOVA was performed to test the differences in false alarms and misses within the standard and noisy stimuli conditions. The Grubb's (1969) test identified another outlier at an alpha level of 0.01, and it was subsequently removed from further analysis 3 . The significant main effect of animal, F(1, 14) = 19.85, p = .001, η p 2 = .586, indicated that the proportion of false alarms were significantly greater than the proportion of misses. A significant main effect of noise level, F(1,14) = 19.63, p = .001, η p 2 = .585, indicated that the proportion of false alarms and misses in the noisy stimuli condition were significantly greater than the proportion of false alarms and misses in the standard stimuli condition. This serves as a manipulation check and demonstrates that the noisy stimuli were significantly harder to discriminate. These main effects were qualified by a significant interaction between the animal and noise level, F(1, 14) = 8.61, p = .011, η p 2 = .381. Two dependent t tests were used to isolate the source of this interaction, and the alpha level for these tests was set at 0.05 using the Bonferroni procedure to correct for Type 1 error. A large effect was found within the standard stimuli condition where the proportion of false alarms (M = .300, SD = .174) were significantly higher than the proportion of misses (M = .095, SD = .052), t(14) = 3.77, p = .002, d = 0.97 (see Figure 2 ). An even larger effect was found with the noisy stimuli where the proportion of false alarms (M = .503, SD = .263) was significantly higher than the proportion of misses (M = .151, SD = .090), t(14) = 4.51, p < .001, d = 1.16 (see Figure 2) .
The results replicate the findings of Experiment 1 that there is a response bias toward fear-relevant stimuli. Furthermore, they support the hypothesis that there is a greater response bias for fear-relevant stimuli in situations of higher uncertainty. In other words, the participants had more snake than salamander responses when the situation made it harder to discern between the images despite the equal exposure ratio.
Summary and Concluding Discussion
The results of the reported experiments provide the first evidence of a response bias in the detection of evolutionarily fear-relevant stimuli in a nonclinical population. The results of Experiment 1 demonstrate that individuals perceived more snake than salamander stimuli despite an equivalent presentation ratio. Experiment 2, which incorporated blurred images of snakes and salamanders, found that the magnitude of response bias increased as stimulus noise increased. As such, the bias effect was heightened in situations of elevated uncertainty.
Previous studies used visual search paradigms to assess whether individuals were able to more rapidly detect fear-relevant stimuli compared to fear-irrelevant stimuli. Although they have shown that humans detect fear-relevant stimuli faster than fear-irrelevant stimuli, (LoBue & DeLoache, 2008 , 2010 , 2011 , the results could not confirm if humans possessed a perceptual sensitivity toward fear-relevant stimuli as opposed to a bias. The present study incorporated an SDT framework to see if a bias existed toward fearrelevant stimuli completely separate of sensitivity, and the results revealed that this bias does exist. This did not fully answer the question, however. Humans could hold both a perceptual sensitivity and a bias toward detecting fear-relevant stimuli, making the threat-detection framework that much more robust.
Another approach the present study utilized was to decrease the sensitivity of Experiment 1's paradigm by making the stimuli harder to discern from one another. This method offered two advantages: it gave more substantial evidence for disentangling discrimination ability from response bias, and it more closely tied into situations where it would be harder to detect a fear-relevant threat (e.g., a snake moving in tall grass). It seems beneficial for survival if humans, even if incorrectly, predict that an imminent threat exists despite uncertainty. Experiment 2's results suggest this is the case.
A notable strength of this study was the similarity between the fear-and fear-irrelevant stimuli. LoBue and DeLoache (2008) , for example, were the authors to pair up the fear-relevant stimuli with closely matching controls, such as snakes with caterpillars. Caterpillars, besides the prominent coil shape, do not carry many visual similarities with snakes. The present study used salamanders, which are known for the following traits: limb reduction, body elongation, snake-like facial features, and partial coil-like features. The choice of salamanders made it harder for participants to disambiguate between the stimuli, which provided an especially convincing test for a response bias in detecting evolutionarily fear-relevant stimuli.
The results from this study expanded upon Becker and Rinck's (2004) study, which found that spider phobic individuals exhibited a response bias toward spiders, by revealing a response bias in a nonclinical population. The present study, however, did not investigate the possibility of a response bias toward spiders in a nonclinical population. A future study would be necessary to see if a response bias exists toward other fear-relevant stimuli, such as spiders, angry faces, and fearful faces, for a nonclinical population in order to see if this response bias can be generalized to all evolutionarily relevant threatening stimuli.
It is important to acknowledge some limitations present in this study. Firstly, the computer monitors had a refresh rate of 60 Hz even though the stimuli were presented for 20 ms. This could have potentially had some stimuli flash in the range of 20-60 ms. However, the stimulus presentation range still made the task challenging, thereby creating conditions under which response bias is most likely to present itself. Secondly, one could argue that the present study did not properly represent a real-life animal encounter. There are a number of reasons for this argument: (a) animals do not usually appear in a 50:50 ratio, (b) a snake is generally much larger than a salamander, and (c) the experiments were conducted in a safe, comfortable environment. The first limitation could be addressed by implementing blocks containing ratios such as 30:70, 50:50, and 70:30 of snakes:salamanders. Although ethical principles make it difficult to assess response bias for real snakes, as suggested in reasons two and three, future studies could incorporate video footage to improve ecological validity.
Another extension to the current study would be to include phylogenetic and ontogenetic fearrelevant and fear-irrelevant stimuli. If the rapid visual detection of phylogenetic stimuli, such as snakes and spiders, is derived from an evolved bias, then the same bias should not exist for ontogenetic stimuli such as guns and knives; however,
FIGURE 2

Mean Proportions of False Alarms and Misses in the Standard and Noisy Conditions
The misses (black) represent choosing a salamander when a snake was presented. The false alarms (gray) represent choosing a snake when a salamander was presented. Standard errors are represented in the figure by the error bars attached to each column. if this detection is based on experience rather than evolved bias, all fear-relevant stimuli should be detected more rapidly than fear-irrelevant stimuli (LoBue, 2010). Blanchette (2006) examined the visual detection of both phylogenetic and ontogenetic categories of fear-relevant and fear-irrelevant stimuli and found that all fear-relevant stimuli were detected more rapidly than fear-irrelevant stimuli, regardless of whether they were phylogenetic or ontogenetic. Blanchette (2006) proposed that multiple mechanisms exist in humans for the detection of fear-relevant stimuli, in that it is possible that humans possess an evolved bias for the detection of evolutionary-based fear stimuli, and that they can also learn to detect ontogenetic fear stimuli as a result of experience.
In conclusion, the current study demonstrated that individuals exhibit a response bias in detecting snakes, especially in situations that possess higher uncertainty. The noisier the environment, such as tall grass, could increase the chances of one initially believing that a snake may be present. This finding is important for not only disentangling discrimination ability from response bias based on past studies but also for opening up opportunities for future studies. The current study's results demonstrate the value of SDT in uncovering the processes underlying threat detection.
